









effects of face-to-face versus chat		communication on performance in a collaborative computer-supported		modeling task

In some collaborative computer-supported learning environments, chat is offered as a means by which dispersed students, who are engaged in a co-construction task, can communicate. Still, findings from studies related to the influence of this type of communication on students’ performance are rather contradictory. Purpose of the present study was to investigate the differential impact of communication via chat versus face-to-face communication on performance within a collaborative computer-supported modeling task. Two hypotheses were considered: 1) Students who communicate face-to-face will perform better than students who communicate via chat, since it could be that the modeling task necessitates rich information to be exchanged between collaborators, which cannot be provided by chat tools, and 2) Students who communicate via chat will perform better than students who communicate face-to-face, because students using chat may seek to increase the efficiency of their communication because they have less modes of interaction available, whereas face-to-face groups may exchange more nonessential communication which may negatively affect task performance. Results largely support the second hypothesis. Students communicating via chat compressed their interactions resulting in more efficient modeling, whereas students who communicated face-to-face spent significantly more time on ‘surface’ processing of the computer-supported modeling task. 
1.	Introduction
In instructional environments that stress collaborative construction of knowledge, the application of synchronous computer-mediated communication (i.e. chat) can be promoted as a means to support sharing of knowledge among students who are working together on a distance (e.g. Henri, 1992; Selinger, 1998). Although the availability of a chat tool in such environments makes collaboration between dispersed groups more convenient, the set of modalities by which learners can communicate are reduced, in contrast to face-to-face communication. Computer-mediated communication restricts the exchange of auditory, visual and nonverbal communication cues which help groups to regulate interaction, express information and monitor feedback from others (Straus, 1997). A reduction in these cues may lead students to experience difficulty in following and understanding discussions. This raises the question of what the impact is of implementing computer-mediated chat on performance in co-construction tasks compared to face-to-face conditions. Purpose of the present study is to investigate whether and how groups who communicate through a chat tool differ from face-to-face groups regarding their performance (i.e. learning process and product). The study is performed in the context of a collaborative computer-supported modeling task. During modeling, learners construct external representations of the behavior of complex phenomena, such as ecological systems, radioactive decay or mechanical oscillations. These models can be constructed and executed with the help of a computer-supported modeling tool.

Main focus of the present study is to investigate the effect of communication mode (i.e. chat versus face-to-face communication) on students’ performance in a collaborative computer-supported modeling task. We conceptualized modeling performance as: a) students’ modeling activities b) students’ cognitive processing during modeling, and c) the quality of the students’ models. We will address the following main research question: 
What is the effect of students interacting via synchronous computer-mediated communication versus students communicating face-to-face on performance in a collaborative computer-supported modeling task?
From our review of literature, we deduce two divergent hypotheses with which we approach this question, with no prior expectation that one would dominate. 
	Hypothesis 1: Face-to-face groups will perform better than groups who communicate via a synchronous computer-mediated communication tool. Although social context cues are relatively unimportant for performance on a collaborative computer-supported modeling task, complexity of the modeling task may lead to difficulties during the modeling process which may limit the use of chat for this complex intellective task. The modeling task requires rich information to be communicated in order to attain effective task performance. 
	Hypothesis 2: Groups who communicate via a synchronous computer-mediated communication tool perform better than groups communicating face-to-face. Communication constraints of the chat tool may pressure students to increase the efficiency of their interaction by compressing it. Face-to-face communication, in contrast, may involve more interactions in which nonessential information is exchanged. This may result in lack of focus and distraction in students’ communication, which may be detrimental to effective task performance. 

Method 
Forty-four students (aged 16-18 years) from eleventh-grade pre-university education, with a major in science participated in our study. For assigning students to dyads, we preferred a heterogeneous group composition, since students with different levels of school achievement are generally more successful working together than homogeneous groups (e.g. Webb, 1989). The selection was made on the basis of students’ grades for physics and mathematics. The selection procedure assured that the dyads were composed of either a low and a middle graded or a middle and a high graded student. All participants were familiar with using chat software. Dyads were randomly distributed into two conditions: a synchronous computer-mediated communication condition (n = 11) and a face-to-face condition (n = 11). 
1.1	Material
Students performed the modeling task within the Co-Lab environment (van Joolingen, de Jong, Lazonder, Savelsbergh, & Manlove, 2005). They were asked to revise a simple pre-build model that could give an explanation and prediction of the temperature on earth. The task was simplified to some extent, since the earth in this task was represented by a black sphere. Participants were given a small initial model as a starting point. Students constructed their models in the model editor tool of Co-Lab. 

Dyads in the chat condition could communicate via typing their messages in a chat box provided by Co-Lab. Messages typed into an entry box were sent to both participants’ shared chat displays once the Enter key was pressed. The face-to-face condition differed only in the absence of the chat facility. Students in this condition sat behind one screen together.

Measurement of the performance variables
Throughout the Co-Lab activity, all students’ computer interactions were recorded. Modeling activities that are directly related to the students’ model were obtained from the log-files. 

Verbal protocols were obtained by transcribing the recordings of students’ discussions. Students’ cognitive processing during modeling was measured by analyzing the transcripts employing the protocol analysis scheme of Sins et al. (2005). These transcripts were scored employing two categories that were taken from the scheme of Sins et al. (2005): a) students’ reasoning processes during modeling and b) type of reference (i.e., argumentation) made by students during reasoning. Reasoning episodes in which students are elaborating on the modeling task and connect to knowledge they have available, either gained from the task at hand or as prior knowledge, were designated as deep reasoning. Episodes in which students employ unelaborated reasoning processes without referring to available knowledge were labeled as surface reasoning. Only episodes that could be clearly marked as either deep or surface reasoning were counted in this analysis, excluding all others. 

The quality of the models dyads constructed were assessed with the help of a model score sheet. 
Results
1.2	Modeling activities
Table 2 shows the mean frequencies of modeling activities the groups performed during the modeling task. Dyads who communicated face-to-face saved their models significantly more often than the groups who communicated via chat (U = 30.50, p = 0.048). In addition, dyads in the face-to-face condition executed their model significantly more often than dyads in the chat condition (U = 28, p = 0.03).

Table 2.Mean frequencies for modeling activities for the chat condition and the face-to-face 
condition (standard deviation in parentheses)
	Chat	Face-to-face	U	p
Specifying quantities	25.5 (24.0)	42.0 (29.7)	41.5	0.21
Adding model elements	18.9 (12.7)	15.2 (11.6)	49.0	0.45
Deleting model elements	6.27 (5.27)	7.5 (6.1)	56.0	0.77
Saving models	8.27 (9.61)	14.3 (9.2)	30.5*	0.048
Opening saved models	22.0 (22.0)	16.9 (8.8)	57.0	0.82









U and p scores were obtained with a non-parametric Mann-Whitney U-test.
* p < 0.05.
1.3	Cognitive processing
The total amount of process-episodes was strongly different between the two conditions, with dyads in the face-to-face condition having significantly more episodes (M = 85.64, SD = 16.78) compared to dyads in the chat condition (M = 20.82, SD = 9.78; U = 0.0, p < 0.001).
Table 3 shows the mean proportions of time the groups spent on the deep and surface processes. When looking at the differences between the two conditions in proportion of time spent on deep processing, one significant difference is found. The groups communicating via chat spent significantly more time inductively reasoning about their model with reference to knowledge than the face-to-face groups (U = 31.0, p = 0.03). 
The pattern of results on surface processes shows that the groups who communicated face-to-face spent significantly more proportion of time than the groups who communicated via computer-mediated chat on the following processes: evaluating with no reference to knowledge (U = 22.0, p = 0.01), quantifying with no reference to knowledge (U = 18.0, p = 0.005), and analyzing with no reference to knowledge (U = 25.5, p = 0.02). 
Table 3. Mean proportion of time spent on deep and surface cognitive processes for the chat condition and the face-to-face condition (standard deviations in parentheses)
	Chat	Face-to-face	U	p
Deep processes				
Evaluating and reference to knowledge	0.62 (1.10)	1.10 (1.20)	37.0	0.11
Explaining and reference to knowledge	0.23 (0.48)	0.00 (0.00)	49.5	0.15
Quantifying and reference to knowledge	5.44 (6.78)	4.60 (5.44)	56.5	0.79
Inductive reasoning and reference to knowledge	0.64 (1.45)	2.49 (3.65)	38.5	0.094
Inductive reasoning and reference to components	7.29 (24.18)	2.21 (3.70)	31.0*	0.03
Analyzing and reference to knowledge	1.20 (1.80)	1.72 (2.24)	49.0	0.42
Surface processes				
Evaluating and no reference to knowledge	3.50 (6.60)	9.71 (3.94)	22.0*	0.01
Quantifying and no reference to knowledge	3.10 (5.83)	8.00 (4.96)	18.0*	0.005
Analyzing and no reference to knowledge	3.17 (3.79)	8.11 (4.42)	25.5*	0.02
* p < 0.05.
1.4	Model quality and relation with modeling activities and cognitive processing
Model quality scores did not differ significantly between groups who communicated via chat (M = 6.97, SD = 1.41) and the face-to-face groups (M = 7.02, SD = 1.74; U = 58, p = 0.90).
2.	conclusion and Discussion
The present study addressed the impact of chat communication versus face-to-face communication on students' performance within a collaborative modeling task. We operationalized performance by measuring: a) students’ activities during modeling, b) students’ cognitive processing during modeling, and c) the quality of the students’ models. Two hypotheses were considered: 1) Collaborative computer-supported modeling is a complex task for students to be engaged in and requires the transmission of maximally rich information, as in face-to-face situations. Synchronous computer-mediated communication tools provide less richness of information than the task requires. As a result, groups who communicate via chat will perform poorer on the modeling task compared to face-to-face groups. 2) Because of communication constraints, students who communicate via chat compress their communication by being more task focused and more concise. Face-to-face exchanges may contain more nonessential information which may act as a distraction during modeling. Consequently, students using chat will perform better compared to students who communicate face-to-face. 
In general, results were more in line with the predictions of hypothesis 2. First, it was found that students in the chat condition saved and executed their models significantly less often compared to students in the face-to-face condition. Nonetheless, for the other modeling activities (i.e. specifying quantities, adding model elements, deleting model elements, and opening saved models) no significant differences were found. Second, the amount of process-episodes was significantly lower for the chat condition compared to the face-to-face condition, a finding which was also predicted by hypothesis 1. Third, students in the chat condition spent significantly more time on inductive reasoning with reference to model components (i.e. a deep process) compared to students in the face-to-face condition. For the remaining deep processes (i.e. evaluating and reference to knowledge, explaining and reference to model components, quantifying and reference to knowledge, inductive reasoning and reference to knowledge, and analyzing and reference to knowledge) no significant differences were found between the conditions. Finally, the face-to-face dyads spent significantly more time on surface processes (i.e. evaluating and no reference to knowledge, quantifying and no reference to knowledge, and analyzing and no reference to knowledge) than the dyads who communicated via chat. Although no significant difference was found between conditions on model quality, results conflict with the main prediction of hypothesis 1, that chat communication will negatively affect modeling performance compared to face-to-face communication. 
The expectations derived from hypothesis 2, that dyads in the chat condition will compress their communication resulting in more efficient modeling, whereas students who communicate face-to-face will exchange more irrelevant information which may hinder modeling performance, was further supported in the additional analyses we performed. These analyses revealed that, within the chat condition, a significant positive relation was found between the proportion of time students spent on episodes in which they quantified and referred to knowledge (i.e. a deep process) and model quality score. Also, it was found that students who communicated face-to-face and who spent more time on quantifying without referring to knowledge (i.e. a surface process) scored significantly less on model quality. Furthermore, a significant negative relation was found between the amount of process-episodes expressed by students in the face-to-face condition and model quality, indicating the negative impact (overly) rich communication may have on modeling performance.
Correlations calculated between students’ modeling activities and model quality showed that the more often students in the chat condition specified quantities or added model elements, the higher they scored on model quality. In addition, the correlations found between specifying quantities and model quality and the correlations between running models and model quality differed significantly between conditions. Thus, the more often students in the chat condition performed these activities the higher they scored on model quality, whereas this was not found for dyads who communicated face-to-face. As Suthers et al. (2003) argue, students who communicate via chat rely more on the external model representation to compensate for the absence of face-to-face modalities and that communicative work also happens via the components present in the representation. This argument was supported in the present study, since dyads in the chat condition spent a significantly greater amount of time on episodes in which they inductively reasoned with referring to model components (i.e. a deep process) compared to dyads who communicated face-to-face. 
Thus, communication constraints in the chat condition pressured dyads to compress their communication during modeling and to rely more on the modeling representation, ultimately leading to more efficient modeling. We may hypothesize that students using chat may have constructed models of higher quality compared to the face-to-face condition when they were given more time-on-task, since in general, it is found that chat groups take longer than face-to-face groups to complete a given learning task (Baltes et al., 2002; Bordia, 1997; Carey & Kacmar, 1997). 
Our results are in agreement with the findings from Barile & Durso (2002), Basque & Pudelko (2004), Condon & Cech (1996a; 1996b), Dennis (2003), Jonassen & Kwon (2001), and Newlands et al. (2003). Nevertheless, the reported findings seem to contrast with studies who show that face-to-face groups outperform groups who communicate via chat (e.g. Carey & Kacmar, 1997; Chung et al., 2000; Hollingshead, et al., 1993; Mennecke et al., 2000; Straus, 1997; Suthers et al., 2003; Van der Meijden & Veenman, 2005). Two factors which may explain this discrepancy in findings are that the groups in the present study consisted of dyads (instead of groups consisting of more than two students) and that the students used in our study had a great deal of experience with using chat as a communication mode (cf. Baltes et al., 2002; Hollingshead et al., 1993; Van der Meijden & Veenman, 2005). It may be that when groups consist of more than two students, the modeling task necessitates for more information richness, since it becomes more difficult for students to keep track of the discussion and of each other when communicating via chat. And secondly, if students are less skilled in typing and using chat software they may be less concise and less task focused than the dyads in our study, since they first have to learn to use the chat tool.
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Coding scheme for modeling processes.
Type of cognitive process (i.e. what are they doing?)
Guiding by experimenter	The experimenter provides guidance to the students. The scoring starts with a question of one of the students that is addressed directly to the experimenter or by a spontaneous utterance from the experimenter
Evaluate	Students positively/ negatively evaluate an element(s) in relation to their model. Students make a (elaborate) value judgment on a modeling element. 
Explain	Students explain to each other how elements within their model work or why they were included. An explanation must be preceded by a clear-cut question of one of the students
Quantify	Students talk about quantifying or specifying a quantity or relation within their model. 
Inductive Reasoning	Students elaborate upon/ about elements within or with respect to their model (involves mainly qualitative reasoning)
Analyze	Students talk about/ interpret modeling elements without further elaboration. Or identify factors that may be relevant/ included in their model without further elaboration (i.e. factors are uttered by the students without further discussion)
Other processes	
Read & paraphrase 	Students read or paraphrase model elements
Off task 	Students talk about subjects unrelated to the assignment at hand













Focus (i.e. what are they talking about?): 
Quantity	Quantity (i.e. constant or stock). In case students are specifying an auxiliary without talking about the relationship that is implied. 
Relation	(Not yet implemented) relation/ interaction between quantities. In case students are specifying an auxiliary and talk about the relationship that is implied. 
Model fit/ model output	Fit between the model output and experimental data. Students have to explicitly mention (the extent of) model fit or output the model generates (i.e. the model graphs or table). 
Data points	Data points/ data graph. Students have to explicitly talk about the data points
Model structure	Structure of the model at hand, how the quantities are (visually) linked (i.e. visual structure). How the quantities in the constructed model are causally linked to each other (i.e. causal structure). Or how their constructed model works over time (i.e. dynamics). Students have to explicitly talk about their model at hand:  When students talk about more than one relation in their model
Modeling actions/ the tool	Talk about/ mentioning modeling actions: what the students are doing. Or the students are trying to find out how Powersim (i.e. tools, buttons, formalism etc.) works
The assignment	Students talk about the assignment (i.e. the ice-skater problem)

Argumentation (where do they refer to during modeling?)
None	No reference to modeling element or knowledge type
Knowledge	
Physics knowledge	Use of terminology, concepts (i.e. units, quantities), formula’s common in physics
Mathematics knowledge	Use of terminology, concepts, formula’s common in mathematics
Experiential knowledge	Knowledge from everyday experience is used
Model components	
Correspondence model graph and data	Students refer to (the extent of) correspondence between model output and experimental data. 
Experimental data 	Experimental data (i.e. data points/ graph)






There has been a lot of publicity about the earth’s changing climate. Scientists all around the world are trying to understand what is going on, in order to predict what will happen next, or maybe more importantly, to give advice on what to do about it. The earth’s climate is a very complex system, however, and even with all those scientists working on it, uncertainties remain. In such a situation scientists usually begin by making all kinds of simplifications. They first try to understand this simplified system, for instance by making a computer model. Then they use the computer model of the simplified system to make predictions about the real earth. Then they compare their predictions to reality, and consider what refinements are most needed.
In this module, you’ll take a similar approach. We have made a very simplified small scale version of the earth and the sun: In our laboratory we have ignored the differences between oceans, forests and deserts. All that remains of the earth is a black sphere and at some distance you’ll find a strong light, which takes the function of the sun. Not too similar to the world we live in, you’ll say, and you are right. Nevertheless, you can investigate how the earth’s temperature responds to changes of solar activity, and what the effects will be if the earth’s surface changes color, for instance because it becomes covered with ice. Once you have got a computer model to make proper predictions about this simplified situation, you’ll have discovered the basic model structure that underlies even the most advanced climate models today.























































































^1	  This code was added for analyzing the protocols obtained in the studies reported in Chapters 4 and 5. In these studies students worked on a modeling task within the Co-Lab environment.
